Rapid and convergent synthesis of a 2,4'-linked tri-oxazole in an approach to poly-oxazoles Caspi, et al.
Experimental Section

Materials and Methods
Unless stated otherwise, reactions were conducted in flame-dried glassware under an atmosphere of nitrogen using anhydrous solvents (either freshly distilled or passed through activated alumina columns). All commercially obtained reagents were used as received. Reaction temperatures were controlled using an IKAmag temperature modulator. Thin-layer chromatography (TLC) was conducted with E. Merck silica gel 60 F254 pre-coated plates (0.25 mm) and visualized using a combination of UV, anisaldehyde, ceric ammonium molybdate, and potassium permanganate staining. ICN silica gel (particle size 0.032-0.063 mm) or SiliCycle SiliaFlash P60 Academic silica gel (particle size 0.040-0.063 mm; pore diameter 60 Å) was used for flash column chromatography.
1 H NMR spectra were recorded on a Varian Mercury 300 (at 300 Institute X-Ray Crystallography Laboratory. Alternate Procedure. To a solution of ethyl isocyanoacetate (5, 22.4 g, 197.6 mmol) in THF (221 mL) at 0 °C was added DBU (60.0 mL, 401.2 mmol), followed by additional THF (30 mL). To this solution was added freshly prepared mixed anhydride 6 (51.7 g, 397.5 mmol) in THF (120 mL) via cannula over 25 min at 0 °C, followed by additional THF (40 mL). The reaction was stirred for 4 h, and the temperature was allowed to increase gradually from 0 °C → 23 °C. EtOAc (255 mL) and H 2 O (130 mL)
Preparative Procedures
were added, and the phases were partitioned. The aqueous layer was further extracted with EtOAc (3 x 250 mL). The organic layers were combined and washed with 0.5 M HCl (2 x 100 mL), saturated aq. Na 2 CO 3 (100 mL), H 2 O (100 mL), and brine (100 mL).
The combined organic layers were dried over MgSO 4 , filtered, and evaporated to yield a dark, orange oil. The crude product was purified by passage over a plug of silica gel The crude product was adsorbed onto silica gel using MeOH as solvent, and purified by flash chromatography (10:1 CHCl 3 :MeOH eluent) to furnish amide 8 (1.02 g, 90% yield) as a white solid.
Alternate Procedure. To a solution of oxazole ester 7 (28.92 g, 204.9 mmol) in MeOH (134 mL) was added concentrated ammonium hydroxide (28-30%, 127 mL) in one portion at 23 °C. The reaction was stirred for 11 h at 23 °C, and then the solvent was evaporated in vacuo. Following further coevaporation under reduced pressure with acetonitrile (3 x 150 mL), the crude product was dissolved in boiling EtOAc (750 mL).
Solid impurities were removed by decantation, and the solution was allowed to cool to 23 °C. Hexanes (1 L) was added, and the solution was cooled to 12 °C and allowed to crystallize. The product was collected by vacuum filtration and dried further under high vac to yield oxazole amide 8 (14.30 g, 62% yield) as a pale yellow solid. The filtrate was concentrated, and the crystallization procedure was repeated to afford a second batch of 8 (3.59 g), which was combined with the first batch to provide oxazole amide 8 (17.89 g, 78% combined yield) as a pale yellow solid. R f 0. mmol) in a rapid dropwise fashion. The flask was sealed, and the mixture was heated at 85 °C for 2 h. The reaction was allowed to cool to 23 °C, and the solvent was carefully evaporated in vacuo under an inert atmosphere to afford 9 as a pale yellow solid, which was immediately used in the subsequent reaction without further purification.
To crude acylisocyanate 9 dissolved in Et 2 O (20 mL) was added a sodium-dried ethanol-free solution of freshly prepared CH 2 N 2 in Et 2 O 3 (20 mL) in a rapid dropwise fashion. When bubbling ceased, and the solution turned pale yellow, the solvent was carefully concentrated in vacuo under an inert atmosphere to afford crude oxazolone 11 as a yellow solid, which was directly used in the following step.
To oxazolone 11 in THF (30 mL) at -78 °C was added Et 3 N (0.700 mL, 5.02 mmol), followed by dropwise addition of Tf 2 O (0.512 mL, 3.04 mmol). 
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Tris-oxazole Ester 3. To oxazole ester 7 (155.2 mg, 1.10 mmol) in THF (9.5 mL)
at -78 °C was added LiHMDS (1.0 M in THF, 1.23 mL, 1.23 mmol) in a dropwise fashion. The reaction was stirred at -78 °C for 30 min, and then ZnCl 2 (0.5 M in THF, 6.70 mL, 3.35 mmol) was added over 3 min. The solution was kept at -78 °C for an additional 5 min and was then held at 0 °C for 2.5 h to deliver Negishi reagent 13. In a separate flask was prepared a solution of bis-oxazole triflate 12 (267.8 mg, 0.94 mmol), Pd(PPh 3 ) 4 (109.5 mg, 0.09 mmol), and THF (9.5 mL). This freshly prepared solution was then transferred into the flask containing Negishi reagent 13 via cannula, and the resulting mixture was heated at 65 °C for 1.5 h. After cooling to 23 °C, the reaction mixture was diluted with CH 2 Cl 2 (30 mL) and filtered over a plug of silica gel (1:1 hexanes:EtOAc → EtOAc eluent). The product containing-fractions were concentrated under reduced pressure, adsorbed onto silica gel using a 1:1 mixture of THF:CH 2 Cl 2 as solvent, and purified further by flash chromatography (3:1 hexanes:EtOAc → EtOAc eluent). The product-containing fractions were concentrated in vacuo and redissolved in a minimum of hot CH 2 Cl 2 :THF (1:1, 4 mL). Hexanes (12 mL) was added, and the suspension was stirred for 2 h. The solvent was carefully removed, and the solid was triturated with hexanes (2 x 10 mL). 
Special Refinement Details
This molecule crystallizes with two unique conformations in the asymmetric unit, differing from each other by the torsion angles around the C(6*)-O(3*) and the O(3*)-S1* bonds, as illustrated in Figures A5.1.1 thru A5.1.4 and listed in Table A5 .1.6. The difference in the environment of these two molecules is illustrated in Figure A5 .1.5 and A5.1.6. A short intermolecular contact between the I1 and N(1B), distance = 3.05Å, is NOT present between I2 and N(1A).
Another interesting feature observed in this structure are the CH-N and CH-O hydrogen bonds listed in Table A5 .1.7. Although these are not the "classical" hydrogen bonds they are not without precedent 5, 6 and the values observed herein are consistent with those observed elsewhere 1 . Refinement of F 2 against ALL reflections: The weighted R-factor (wR) and goodness of fit (S) are based on F 2 , conventional R-factors (R) are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ( F 2 ) is used only for calculating R-factors(gt), etc., and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles, and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (1) 2611 (1) 3487 (1) 1553 (1) 17(1) S (1) 2125 (1) 8201 (1) 6603 (1) 18(1) F (1A) 2445 (4) 9715 (1) 5750 (1) 44 (1) F (2A) -1292 (4) 9274 (1) 5935 (1) 39(1) F (3A) 903 (3) 8577 (1) 4943 (1) 29 (1) O (1A) -1301 (3) 4609 (1) 2445 (1) 21 (1) O (2A) 3752 (3) 5878 (1) 4665 (1) 19 (1) O (3A) 701 (3) 7278 (1) 6286 (1) 17 (1) O (4A) 4719 (4) 8117 (2) 6483 (1) 28 (1) O (5A) 1112 (4) 8483 (1) 7431 (1) 25(1) N (1A) 2396 (4) 4804 (2) 3161 (1) 15(1) N(2A)
-68 (4) 6392 (2) 4929 (1) 16(1) C (1A) 1153 (5) 4399 (2) 2502 (2) 15(1) C(2A)
-1614 (5) 5227 (2) 3160 (2) 20(1) C (3A) 609 (5) 5342 (2) 3598 (2) 13(1) C (4A) 1312 (5) 5888 (2) 4403 (2) 13(1) C (5A) 3925 (5) 6421 (2) 5442 (2) 20(1) C (6A) 1616 (5) 6724 (2) 5578 (2) 15 (1) 4951 (3) 11381 (1) 8288 (1) 18 (1) O (4B) 1164 (4) 11076 (2) 7332 (1) 26 (1) O (5B) 2497 (4) 12676 (2) 7808 (2) 32(1) N (1B) 4077 (4) 7636 (2) 9688 (1) 15(1) N (2B) 3301 (4) 10062 (2) 9005 (1) 14(1) C (1B) 2595 (5) 7220 (2) 10211 (2) 17(1) C (2B) 865 (5) 8548 (2) 10051 (2) 17(1) C (3B) 2946 (5) 8489 (2) 9579 (2) 14(1) C (4B) 4040 (5) 9214 (2) 9059 (2) 13(1) C(5B)
6713 (5) 9817 (2) 8192 (2) 17(1) C (6B) 5014 (5) 10439 (2) 8451 (2) 15(1) C (7B) 5080 (5) 11791 (2) 6599 (2) 23(1) ________________________________________________________________________________ 
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